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SUMMARY

 

Human endogenous retroviruses (HERVs) are a significant component of a wider family of retroele-
ments that constitute part of the human genome. These viruses, perhaps representative of previous
exogenous retroviral infection, have been integrated and passed through successive generations within
the germ line. The retention of HERVs and isolated elements, such as long-terminal repeats, could have
the potential to harm. In this review we describe HERVs within the context of the family of known
transposable elements and survey these viruses in terms of superantigens and molecular mimics. It is
entirely possible that these mechanisms provide the potential for undesired immune responses.
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INTRODUCTION

 

Viruses are defined as small, infectious molecular parasites and
classified on criteria including viral genome (either DNA or
RNA), symmetry of the protective protein coat or capsid which
may be icosahedral or helical, and the absence (i.e. naked) or
presence of a surrounding envelope. At least 30 families of viruses
are infectious to humans and other mammals and these microbial
pathogens require the manufacture of progeny virions within a
host cell for the horizontal transmission and subsequent attach-
ment and disassembly in a permissible target cell for the next
infectious cycle [1]. However, over the past 20 years, families of
viruses that are transmitted vertically through the germ-line have
been detected and classified within the human genome. These
viruses, termed human endogenous retroviruses (HERVs), retain
some of the hallmarks of exogenous retroviruses, e.g. human
immunodeficiency virus (HIV), human T cell lymphotrophic virus
(HTLV) such as genomic structure, i.e. group-associated antigen
(

 

gag

 

), polymerase (

 

pol

 

) and envelope (

 

env

 

) genes sandwiched
between long terminal repeat (LTR) regions [2,3]. So far as we
know, HERVs are not infectious but many have been subjected to
repeated amplification and transposition events giving rise to
multi-copy proviruses within the DNA of all cells. Thus HERVs

reflect past exogenous retroviral infection in which proviral DNA
has been integrated, passed on and retained/trapped within the
genome. It is estimated that HERVs constitute about 4·8% of the
human genome, which is significant when bearing in mind that
only 3% of human DNA appears to make up the 25 000 

 

+

 

 genes
essential for protein manufacture [4–6]. What makes these viruses
(coined ‘fossil viruses’) so intriguing? In a previous paper we
demystified HERVs [7] with some emphasis on the beneficial
potential of these viruses. After all, HERVs have been within our
genome for a considerable period of time (30 million years) and
some transposition events may have modified/modulated gene
expression to confer a selective advantage to the host. This may
include retroviral receptor blockade, interference by antisense
RNA, immunosuppressive peptides and the fusogenic properties
of HERV envelope gene products that may play a role in placenta
formation [7–9]. However, it should also be appreciated that there
is a potential for harm [10], for the latter transposition and the
opportunity for mutation has been cited as a possible role for
HERVs in certain types of cancer [11,12]. In this paper, we con-
sider transposable elements including HERVs and their potential
in disease states mediated possibly by superantigens and molec-
ular mimics.

 

HERVS 

  

----

 

 WITHIN THE CONTEXT OF 
TRANSPOSABLE ELEMENTS

 

Repetitive DNA in the human genome

 

Overall, the human genome comprises just over 3 billion base
pairs (bp) of DNA, of which around half this mass, or length, is
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unique-sequence or low-copy DNA. A small percentage of this
DNA represents coding sequences for proteins, the remaining
unique/low-copy DNA is made up of introns or spacer DNA.
Repetitive DNA in humans includes genes that encode ribosomal
components, i.e. the 28S, 18S and 5·8S subunits, arranged in tan-
dem arrays repeated 150–200 times. Similarly, highly repetitive
DNA comprises very short sequences that may be repeated up to
a million times per genome, e.g. minisatellite DNA consists of
units 10–100 bp long repeated in arrays of 0·5–40 kb [5]. The vari-
able nature of the repeat patterns of some of these sequences
between individuals was the original basis of genetic fingerprint-
ing [13]. Most of the intermediate repetitive class of DNA
sequences is made up of distinct families of transposable elements
(approaching 46·4% of the total genome), as shown in Table 1
[14–18]. In this context

 

,

 

 HERVs represent only one member of a
group of repetitive DNA elements [19].

 

Mobile genetic elements

 

All the families shown in Table 1 are distinguished by their
present (‘active’) or past mobility within the genome. SINEs
(short interspersed elements), LINEs (long interspersed ele-
ments) and LTRs, including HERV elements, rely upon the action
of reverse transcriptase (RT) on RNA copies for transposition
(‘copy and paste’) [20]. There are three distinct SINE families
(Alu, MIR and MIR3) in humans and these genetic elements,
lacking an RT, must utilize this enzyme activity from a LINE that
recognizes a common sequence at the 3

 

¢

 

 end [21]. While a range of
LTRs are found in eukaryotes, only four main classes (HERV I,
II, III and MalR) are found in humans comprised of many differ-
ent families [5,6,22]. Most LTRs have lost much of their original
sequences through homologous recombination between their
flanking repeat sequences, and so exist as ‘solitary’ elements [5].
At least seven major classes of DNA transposons are present in
humans, with some reflecting ancient eukaryotic elements such as

the ‘mariner’ sequence found in both mammals and insects [full
details of these families are found in Repbase (Table 1)] [23].

Transposonase can act on deleted or mutated versions of an
inactive element and so can use these as substrates when the
enzyme returns to the nucleus from the cytosol following transla-
tion. Hence, inactive elements may accumulate rapidly in a
genome. In contrast, LINE proteins (such as RT) tend to associ-
ate with intact RNA molecules free of deletions or mutations
from which they were translated. Thus LINEs are less prone to a
loss of function because of the intimacy of their association with
complete and functional RNA substrates. The interactions of
repetitive DNA elements may blur their origins. For example, a
hybrid HERV has been described which appears to be a product
of a recent retrotransposition event that has also acquired
inverted repeats characteristic of DNA transposons [24]. Hence,
while some transposable elements may become inactive over
time, others can retain mobility within and perhaps between
genomes.

LTRs and DNA transposons are distributed evenly between
AT- and GC-rich DNA, but Alu elements are preferentially
retained (although not necessarily targeted) in GC-rich regions.
Generally there is a strong correlation between the density of
actively transcribed genes, reflecting GC content and the density
of Alu elements. Some chromosomes, such as 19, have an unusu-
ally high number of such elements. Conversely, chromosome Y
shows a low density of Alu elements relative to its GC content.
This may reflect an accumulation of pseudogenes (non-functional
sequences that closely resemble operating genes) on this chromo-
some [5]. In contrast, LINEs accumulate in AT rich regions [21].
The latter contain fewer genes than GC-rich DNA with insertions
here presumably extracting a lower mutational penalty. However,
as SINEs such as Alu depend upon LINE transposition, their
enriched presence in GC-rich DNA is intriguing. Many SINEs are
expressed under conditions of stress, their RNA products then

 

Table 1.

 

Relative contributions of the main classes and common examples of interspersed repeat DNA in the human genome (derived from 5 and 6)

Repeat sequence family
Fraction of 

genome (%)
Typical unit

(encoded proteins)
Typical length

kb
Ref. 

(Accession nos†)

LINEs 21 P

 

��

 

A/T 6–8* [14–16]

 

L

 

ong 

 

in

 

terspersed 

 

e

 

lements
(e.g. LINE1)

(17·4) (reverse transcriptase
and endonuclease

 

)

 

(M22333)

SINEs 13·6 PA/T 0·1–0·3 [17,18]

 

S

 

hort 

 

in

 

terspersed 

 

e

 

lements (e.g. Alu) (10·7) (non-protein coding

 

)

 

(L35531)

LTRs 8·6

 

fi

 

���

 

fi

 

1·5–11 [3,7,9,19,69]

 

L

 

ong

 

-t

 

erminal 

 

r

 

epeats
(e.g. HERV class I 

 

+

 

II 

 

+

 

 III, MaLR III)
(4·8, 3·8) (reverse transcriptase,

protease, RNAse H
and integrase)

(AY208136,
M14123, AF020092,
U07856)

DNA transposons 3·0

 

fi

 

��

 

‹

 

0·08–3·0 [17]
(e.g. MER-1 Charlie) (1·4) (transposonase

 

)

 

(L13659)

Unclassified 0·15

Total Circa 46·4%

Further details of human repeat sequences can be found at http://www.girinst.org/Repbase_Update.html. Note HERV are contained within the repeat
sequence LTRs. *Reverse transcription having primed at the 3

 

¢

 

 end often fails to proceed to the 5

 

¢

 

 end. so many LINEs are shorter than 1kb. SINEs share
a common 3

 

¢

 

 sequence for reverse transcription so active SINEs can exploit a LINE reverse transcriptase. SINEs and LINEs may also show short flanking
repeat sequences (e.g. 5

 

¢

 

TTAAAA/3

 

¢

 

AATTTT) which act as signal sequences for integration [17–20]. Code; 

 

fi

 

: Repeat sequence, 

 

R

 

: RNA polymerase
promoter (LINE RNA pol II, SINE RNA pol III), A/T: polyA/polyT sequences, 

 

��

 

: open reading frame (ORF). †http://www.ncbi.nlm.nih.gov/

http://www.girinst.org/Repbase_Update.html
http://www.ncbi.nlm.nih.gov/
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binding to a specific protein kinase (PKR), so enhancing protein
translation repressed previously by PKR. Consequently, there
may be a selective pressure to retain SINEs such as Alu within
gene-rich areas of open chromatin where they may be transcribed
rapidly to stimulate protein translation [15]. The distribution of
integrated DNA sequences derived from HERV elements is
clearly not random. For example, one group of sequences derived
as pseudogenes from Class I HERVs mediated by LINE ret-
rotransposition shows a bias for chromosomes 3, 4, X, and espe-
cially Y. In the latter case this probably reflects a common
phenomenon of the limited frequency of recombination, in the
absence of a homologous partner chromosome, allowing the sur-
vival of repetitive DNA including HERVs. The presence of these
incomplete HERV sequences in AT-rich regions perhaps reflects
the selection pressure on their guiding LINEs. There is no obvious
insertion motif for retroviruses in general although, like LINEs,
they are influenced by topological features of the host DNA such
as nucleosome structure and chromatin condensation [25].

 

Evolutionary fate and disease

 

It has been suggested that 47 human genes were clearly derived
from retroelements, virtually all of them from DNA transposons
[5,26]. LINE1 retrotransposition of RNA transcribed from host
genes has also contributed to the development of several genes,
while several hundred genes have transcription termination sig-
nals derived from LTRs. Potentially retroviruses could evolve
from LTR elements (which contain 

 

gag

 

 and 

 

pol

 

 genes encoding
replication and transposition functions) by acquiring genes for
infectivity such as those encoding envelope proteins. Conversely,
the loss of such genes by exogenous retroviruses could produce
retrotransposons marooned in their host cell [17]. It is probable
that half the human genome can be derived from the insertion of
repetitive DNA elements with many translated elements found in
proteins. Often such elements were not inserted into the original
open reading frames of genes but became part of the genes by
alternative splicing of introns that shorten or extend the coding
region [27]. Reverse transcriptase from LINEs may act on mRNA
from other genes, resulting in the transposition of a copy to a fresh
site. As introns will normally have been processed from the
mRNA template the new copy will represent exon sequences only
and produce a pseudogene [28]. Overall insertions of transpos-
able elements into genes in the host genome may have important
mutagenic consequences. For example, Alu insertions can cause
some cases of breast cancer, Huntingdon’s disease, agammaglob-
ulinaemia and haemophilia. Similarly, L1 insertions are associ-
ated with some cases of muscular dystrophy and haemophilia.
Furthermore, more than 40 examples of Alu mispairing and cross-
ing-over that lead to deletions have been reported, covering a
variety of diseases [29]. It is estimated that perhaps as many as
one in 600 human mutations are caused by retrotransposition
events, with one in 1100 and one in 1500 caused by Alu and
LINE1, respectively [28]. Consequently, retroelements such as
HERVs are potentially significant agents of mutation.

 

HERVS: CLASSIFICATION

 

The detection and classification of HERVs has been reviewed
extensively [3,7,9,22], together with the availability of a useful
database (http://herv.img.cas.cz). A raft of criteria have been
employed, although it is now generally accepted that HERVs may
be ascribed principally to Class I or Class II HERVs that are

related to gammaretrovirus sequences and betaretrovirus
sequences, respectively, based on their genetic similarity in the 

 

pol

 

region (Table 2). A limitation in terms of research on endogenous
retroviruses in general has been the relatively few molecular
probes and antibody reagents to detect HERV products, although
this issue is being addressed. Currently, monoclonal antibodies
have been developed [30,31] together with recombinant phage
antibodies to HERV-K10 [32]. With the molecular approaches,
e.g. polymerase chain reaction, specific primers are available [33]
for detecting specific HERVs compared with primers recognizing
consensus retroviral regions (e.g. the reverse transcriptase seg-
ment) with a short intervening ‘fingerprint’ region [34].

 

HERVS: POTENTIAL MODULATORS

 

Because retroelements appear to show rapid mutation and dele-
tion they could be viewed as accidentally integrated viral ele-
ments with no function. On the other hand, there is growing
evidence that such integration events may have important rami-
fications for the host genome [35]. DNA sequences from HERVs
and LINEs may be highly expressed in tissues with embryonic
features, such as the germ line or tumours. For example, HERV-K
envelope transcripts are expressed in most human breast cancers
although not in normal control breast tissues 

 

-

 

 such expression
patterns then providing novel markers of the disease [11]. Over-
all, a diverse range of disease states could arise from loss of func-
tion mutations that result from the integration of DNA sequences
into the host genome.

Intriguingly, integration events may also deliver disease phe-
notypes by gain of function provided by alterations in target
gene expression conferred by incoming retroelement control
sequences [36]. Landry 

 

et al

 

. [37] describe the transcription of the
opitz syndrome gene 

 

mid1,

 

 particularly in placental and embry-
onic kidney tissues

 

,

 

 from a promoter element that originated from
an LTR of a HERV-E element. In some cases the particular con-
sensus sequences responsible for enhancing transcription of adja-
cent human genes have been identified. For example, ERV-9
LTRs contain GATA, CCAAT and CCACC motifs which can
bind transcription factors expressed in placental and haematopoi-
etic tissues. Enhanced RNA synthesis could be demonstrated in
such embryonic tissues from a site just downstream of a TATA
box motif, mediated presumably by RNA polymerase II [38].
Such alterations in gene transcription by retroelements may be
widespread. One group [39] was able to identify using computer-
based searches (i.e. ‘

 

in silico

 

’ genetics) of the draft human genome
that 25% of human promoters contained sequences derived from
transposable elements. Intriguingly, many transcription factor
binding sites could be identified in these sequences plus scaffold
or matrix attachment regions and locus control regions that reg-
ulate multiple genes. Disease states caused by the integration of
transposable elements into genes are drawn to our attention by
the dramatic phenotype of the patient, e.g. haemophilia. How-
ever, more subtle alterations in gene transcription caused by such
events may be much more significant and profound, providing
advantages for the host organism by extending the control of gene
expression [40]. For example, the phenomenon of X chromosome
inactivation found during mammalian female embryogenesis may
rely upon the enrichment of LINEs found on this chromosome
relative to autosomes. The initial signal for inactivation of the
majority of genes on one of the X chromosomes originates and
then spreads from a particular locus specific to this chromosome.

http://herv.img.cas.cz


 

4

 

P. N. Nelson 

 

et al.

 

© 2004 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

138

 

:1–9

 

Ta
bl

e 
2.

 

D
et

ai
ls

 o
f 

se
ve

ra
l C

la
ss

 I
 a

nd
 C

la
ss

 I
I 

hu
m

an
 e

nd
og

en
ou

s 
re

tr
ov

ir
us

es
: f

ul
l d

et
ai

ls
 p

ro
vi

de
d 

in
 r

ef
er

en
ce

s 
[3

,7
,9

]

Fa
m

ily
Fa

m
ily

m
em

be
rs

N
o.

 o
f 

co
pi

es
 

/p
re

vi
ou

s
cl

as
si

fic
at

io
n

m
R

N
A

 e
xp

re
ss

io
n

P
ro

te
in

 e
xp

re
ss

io
n

G
en

om
e 

st
ru

ct
ur

e

P
ri

m
er

bi
nd

in
g

si
te

C
hr

om
os

om
al

lo
ca

ti
on

C
om

m
en

t

H
E

R
V

-H
/R

T
V

L
-H

C
la

ss
 I

R
T

V
L

-H
2;

R
G

H
2

M
ul

ti
co

py
 t

yp
e 

C
;

80
0–

10
00

 c
op

ie
s

pl
us

 

 

~

 

 1
00

0 
so

lit
ar

y
LT

R
s

LT
R

-

 

ga
g-

po
l-

en
v

 

-L
T

R
m

R
N

A
 e

xp
re

ss
io

n 
in

lu
ng

 s
qu

am
ou

s 
ce

ll
ca

rc
in

om
a,

te
ra

to
ca

rc
in

om
a 

ce
ll

lin
e,

 m
ul

ti
pl

e 
sc

le
ro

si
s

de
ri

ve
d 

B
-l

ym
ph

ob
la

st
oi

d
ce

ll 
lin

es

62
 k

D
a 

pr
ot

ei
n

de
te

ct
ed

 f
or

 

 

en
v

 

 g
en

e
Se

ve
re

ly
 t

ru
nc

at
ed

pr
ov

ir
us

tR
N

A

 

H
is

 

C
op

ie
s 

in
 a

ll
ch

ro
m

os
om

es
w

it
h 

co
nc

en
tr

at
io

n
on

 c
hr

om
os

om
es

1p
 a

nd
 7

q

C
om

pl
em

en
ta

ti
on

 a
nd

 f
ul

l
ex

pr
es

si
on

 m
ay

 o
cc

ur
un

de
r 

ci
rc

um
st

an
ce

s
ye

t 
to

 b
e 

de
sc

ri
be

d

H
E

R
V

-E
C

la
ss

 I
H

E
R

V
-E

cl
on

e 
4–

1
M

ul
ti

co
py

 t
yp

e
C

 r
et

ro
vi

ru
s;

50
–1

00
 c

op
ie

s

Se
ve

ra
l L

T
R

 a
nd

 

 

en
-

 

co
nt

ai
ni

ng
 m

R
N

A
s 

ar
e

ex
pr

es
se

d 
in

 n
or

m
al

pl
ac

en
ta

, b
re

as
t 

an
d

co
lo

n 
ca

rc
in

om
a 

ce
lls

38
 k

D
a 

 

en
v

 

 p
ro

te
in

,
no

 p
ar

ti
cl

e
fo

rm
at

io
n

F
ul

l l
en

gt
h 

ge
no

m
e

 

=

 

 8
·8

-k
ilo

ba
se

Tr
un

ca
te

 g
en

om
e 

 

=

 

 6
-k

ilo
ba

se
 (

la
ck

en
v 

se
qu

en
ce

)

tR
N

A

 

G
lu

 

A
lt

er
ed

 t
is

su
e-

sp
ec

ifi
c 

ge
ne

ex
pr

es
si

on
 in

 s
al

iv
ar

y 
gl

an
d 

fo
r 

th
e 

am
yl

as
e 

ge
ne

 
co

m
pl

ex
 d

ue
 t

o 
in

se
rt

io
n 

of
 

H
E

R
V

-E
 L

T
R

 in
to

 it
s 

pr
om

ot
er

 r
eg

io
n

E
R

V
-9

Ty
pe

 C
 r

et
ro

vi
ru

se
s

D
et

ec
te

d 
E

R
V

-9
 R

N
A

Se
ve

re
ly

 t
ru

nc
at

ed
tR

N
A

 

A
rg

 

Se
le

ct
iv

e 
ex

pr
es

si
on

 o
f 

zi
nc

C
la

ss
 I

tr
an

sc
ri

pt
s 

of
 8

, 2
, a

nd
1·

5 
kb

 in
 u

nd
if

fe
re

n-
ti

at
ed

 N
T

2/
D

1c
el

ls
,

te
ra

to
ca

rc
in

om
a 

ce
lls

pr
ov

ir
us

fin
ge

r 
pr

ot
ei

n 
in

 c
el

l l
in

ea
ge

s
as

so
ci

at
ed

 w
it

h 
an

 E
R

V
9 

pr
om

ot
er

H
E

R
V

-R
C

la
ss

 I
E

R
V

3
Si

ng
le

 c
op

y 
ty

pe
 C

re
tr

ov
ir

us
H

ig
h 

ex
pr

es
si

on
 in

pl
ac

en
ta

 a
nd

 c
el

l l
in

e
U

93
7,

 l
ow

 e
xp

re
ss

io
n

in
 t

hy
m

us
, b

re
as

t, 
lu

ng
,

pa
nc

re
as

65
 K

D
a 

en
v

pr
ot

ei
n

F
ul

l l
en

gt
h 

 

=

 

 9
·9

ki
lo

ba
se

tR
N

A

 

A
rg

 

C
hr

om
os

om
e 

7
m

R
N

A
 e

xp
re

ss
io

n 
m

ed
ia

te
d 

by
 s

te
ro

id
 h

or
m

on
es



 

Human endogenous retroviruses

 

5

 

© 2004 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

138

 

:1–9

H
R

E
S-

1
C

la
ss

 I
Si

ng
le

 c
op

y 
el

em
en

t
pe

r 
ha

pl
oi

d 
ge

no
m

e
D

et
ec

te
d 

fo
r 

LT
R

, 

 

ga
g

 

re
gi

on
s

E
nc

od
es

 a
 2

8 
kD

a

 

ga
g

 

 p
ro

te
in

 in
 H

9
hu

m
an

 T
 c

el
ls

M
ap

pe
d 

to
 a

co
m

m
on

 f
ra

gi
le

si
te

: c
hr

om
os

om
e

1 
at

 1
q4

2

A
nt

ib
od

ie
s 

to
 H

R
E

S-
1 

sp
ec

ifi
c 

sy
nt

he
ti

c 
pe

pt
id

es
 

w
er

e 
fo

un
d 

in
 p

at
ie

nt
s 

w
it

h 
M

S,
 S

L
E

, S
jo

gr
en

 s
yn

dr
om

e

H
E

R
V

-W
(M

SR
V

)
C

la
ss

 I

M
ul

ti
co

py
 t

yp
e 

C
re

tr
ov

ir
us

LT
R

-

 

ga
g-

po
l-

en
v

 

-L
T

R
m

R
N

A
 e

xp
re

ss
io

n 
in

pl
ac

en
ta

 a
nd

 t
es

ti
s

 

en
v

 

 g
en

e 
co

de
s 

fo
r

Sy
nc

yt
in

 p
ro

te
in

 (
65

kD
a 

 

en
v

 

)

D
et

ec
te

d 
in

 M
S,

 h
um

an
ge

no
m

e 
co

nt
ai

n 
at

 le
as

t 
70

 1
00

, a
nd

 3
0 

H
E

R
V

-W
-

re
la

te
d 

 

ga
g

 

, 

 

pr
o

 

, a
nd

 

 

en
v

 

 
re

gi
on

s, 
re

sp
ec

ti
ve

ly

H
E

R
V

-K
C

la
ss

 I
I

H
E

R
V

-K
10

M
ul

ti
co

py
 m

os
ai

c-
ty

pe
 e

nd
og

en
ou

s
pr

ov
ir

us
es

;
50

 c
op

ie
s 

pe
r

ha
pl

oi
d 

ge
no

m
e

LT
R

-

 

ga
g-

po
l-

en
v

 

-L
T

R
,

re
v 

m
R

N
A

 e
xp

re
ss

io
n;

hi
gh

 in
 t

er
at

oc
ar

ci
no

m
a

ce
ll 

lin
es

, t
es

ti
cu

la
r

tu
m

ou
rs

; e
xp

re
ss

io
n 

of
H

E
R

V
-K

 e
nv

 g
en

e 
in

hu
m

an
 b

re
as

t 
ca

nc
er

ce
lls

; l
ow

 i
n 

pl
ac

en
ta

an
d 

no
rm

al
 t

is
su

es
;

ex
pr

es
se

d 
in

 p
er

ip
he

ra
l

bl
oo

d 
ly

m
ph

oc
yt

es

 

ga
g

 

, c
O

R
F,

 p
ro

te
as

e,
in

te
gr

as
e,

 p
ol

ym
er

as
e,

 

en
v

 

; r
ev

, r
et

ro
vi

ra
l

pa
rt

ic
le

 f
or

m
at

io
n

C
om

pl
et

e 
nu

cl
eo

ti
de

se
qu

en
ce

 o
f 

th
e

H
E

R
V

-K
10

 c
lo

ne

 

=

 

 8
·8

-k
ilo

ba
se

tR
N

A

 

L
ys

 

In
du

ce
d 

H
E

R
V

-K
 m

R
N

A
ex

pr
es

si
on

 in
 h

um
an

 b
re

as
t

ca
nc

er
 c

el
ls

 b
y 

ad
di

ti
on

 o
f

oe
st

ra
di

ol
 a

nd
 p

ro
ge

st
er

on
e

H
E

R
V

-L
C

la
ss

 I
I

M
ul

ti
co

py
ty

pe

 

po
l

 

, L
T

R
-

 

ga
g-

po
l

 

m
R

N
A

 e
xp

re
ss

io
n;

ti
ss

ue
s: 

rh
eu

m
at

oi
d

ar
th

ri
ti

s, 
sy

no
vi

al
flu

id
 c

el
ls

, p
la

ce
nt

a,
br

ea
st

 c
an

ce
r

U
nk

no
w

n
tR

N
A

 

L
eu

 

Fa
m

ily
Fa

m
ily

m
em

be
rs

N
o.

 o
f 

co
pi

es
 

/p
re

vi
ou

s
cl

as
si

fic
at

io
n

m
R

N
A

 e
xp

re
ss

io
n

P
ro

te
in

 e
xp

re
ss

io
n

G
en

om
e 

st
ru

ct
ur

e

P
ri

m
er

bi
nd

in
g

si
te

C
hr

om
os

om
al

lo
ca

ti
on

C
om

m
en

t



 

6

 

P. N. Nelson 

 

et al.

 

© 2004 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

138

 

:1–9

 

The resulting physical changes in the chromatin of the various X
chromosome domains is postulated to be amplified by regions of
high L1 content 

 

-

 

 regions escaping inactivation being deficient in
these modulating L1 sequences [41]. The abundance of retroele-
ments including HERVs within the genome and the effect on pro-
tein expression of genes linked to LTRs (e.g. cytochrome C1 and
salivary amylase) [7] makes them intriguing agents for altering
host gene/protein expression.

 

HERVS: POTENTIAL SUPERANTIGENS

 

A superantigen (SAG) bypasses the normal route of MHC-pep-
tide–T cell receptor (TCR) interaction in binding to a given T cell
V

 

b

 

 chain and MHC Class II protein [42]. As a consequence, a
large number of T cells (5–20%, hence the term ‘superantigen’)
bearing the particular V

 

b

 

 segment are expanded [43]. SAGs pro-
duced by bacteria or virus modulate the immune system through
the release of cytokines with disruption of lymphocyte homeosta-
sis, the polarization of CD4 Th1/Th2 phenotypes plus changes in
antibody production [44,45]. Over time, associations of T cell
receptor usage with particular diseases have been cited, e.g. V

 

b

 

14,
V

 

b

 

8 (and V

 

b

 

13), V

 

b

 

7 (and V

 

b

 

13) with rheumatoid arthritis,
chronic cutaneous lupus erythematosus and insulin-dependent
diabetes mellitus, respectively [46–48]. Furthermore, inferences
of enhanced frequencies of T cells expressing particular V

 

b

 

 seg-
ments have been attributed to certain viruses such as Epstein–
Barr virus (EBV) (V

 

b

 

13), cytomegalovirus (V

 

b

 

12) and rabies
virus (V

 

b

 

8) [49]. Could the chance of selective expansions of T
cells by viruses and in set disease states be coincidental, or is there
a missing link?

It is plausible that an endogenous virus could be of signifi-
cance because immune modulation is evident by the mouse mam-
mary tumour virus (MMTV) SAG encoded within the ORF of the
3

 

¢

 

-LTR of the integrated viral genome [50]. There is some evi-
dence to suggest that some common human viruses might encode
superantigens. For example, it was demonstrated that EBV infec-
tion of B cells induced the activation of human T cells expressing
the V

 

b

 

13 element of the TCR [51]. Unfortunately, exhaustive
analysis of the EBV genome failed to identify any EBV superan-
tigen. However, a recent study by Sutkowski 

 

et al.

 

 [52] has
revealed a possible connection between EBV infection and super-
antigen activity, which might account for the suggested aetiolog-
ical link between EBV and certain autoimmune diseases [53,54].
Mapping studies had demonstrated that HERV-K18 has three
alleles, found in the first intron of CD48 in reverse orientation,
one allele of which is truncated and corresponds to IDDMK

 

1,2

 

22
(now HERV-K18·1). The envelope genes of each of the alleles
encode a superantigen with identical specificity for V

 

b

 

7

 

+

 

 and
V

 

b

 

13

 

+

 

 T cells. Sutkowski 

 

et al.

 

 speculated that EBV transactivated
the CD48-associated HERV-K18 superantigen-encoding gene,
thereby  explaining  the  association  between  EBV  infection
and V

 

b

 

-specific T cell activation [51]. RNAse-protection assays
showed that the expression of HERV-K18 was indeed up-regu-
lated in EBV-infected lymphoblastoid cell lines and following
EBV infection of EBV-negative Burkitt’s lymphoma lines. More
recently, transcription of HERV-K has been shown to be induced
following infection with a relative of EBV, namely the herpes sim-
plex type-1 virus (HSV-1), an effect that was mediated specifically
by the HSV-1 immediate early protein, ICP0, and required the
AP-1 binding site present on the HERV-K LTR [55]. Further-
more, LTR-directed transcription of the HERV-W is also induced

by the HSV-1 infection, an effect mediated partly by the action of
the HSV-1 immediate early protein 1 (IE1) [56]. These studies
suggest an indirect connection between viral infection and the
host immune response, whereby viral up-regulation of the expres-
sion of host superantigen-encoding genes can affect dramatically
the nature of the immune response, possibly towards a response
that is more autoimmune in nature. Stauffer 

 

et al.

 

 [57] have also
established a link between viral infections and interferon (IFN)-

 

a

 

. From this work expression of HERV-K18 SAGs was inducible
by IFN-

 

a

 

 and sufficient to stimulate V

 

b

 

7 T cells. Thus there
remains the possibility that diverse viral infections (i.e. not simply
herpes viruses) might elicit SAG-like responses through HERV
intermediaries.

In terms of EBV it is not clear at this time what the superan-
tigen response might contribute to its life cycle. One possibility is
that it might contribute to the T cell help necessary for the gen-
eration of long lived EBV-infected memory B cells and so
contribute to EBV persistence in the normal host. In addition,
HERV-mediated stimulation of T cells might also contribute to
EBV-induced B-lymphomagenesis. The idea that common viruses
can activate endogenous superantigens is already accepted in
some animal systems. For example, in mice there is strong evi-
dence that the BM5 murine leukaemia virus complex activates
endogenous mouse mammary tumour virus (MMTV) genes [58].
However, the extension of this principle to humans is relatively
new [49]. While herpesviruses share genomic similarities there are
differences that reflect development along distinct evolutionary
pathways. For example, the Kaposi’s sarcoma herpesvirus
(KSHV) genome encodes a number of cellular homologues not
present in EBV [59]. These include, among others, viral IL-6 (vIL-
6) and viral cyclin D (v-cyclin D) genes. However, the EBV-latent
membrane protein-1 (LMP1) is able to induce the expression of
both cellular IL-6 and cellular cyclin D genes [60,61]. Therefore,
both viruses have evolved different means (expression of viral
homologues in the case of KSHV 

 

versus

 

 induction of cellular
genes by EBV) to produce the same functional end-points. It
therefore appears that EBV, in the same way as described above,
is able to take advantage of the retroviral superantigen strategy
without actually acquiring its own superantigen-encoding genes.
It remains to be established whether KSHV can induce superan-
tigen expression and whether the mechanism of induction is sim-
ilar to that of EBV. It should also not be overlooked that EBV is
in its own right an oncogenic virus and the possibility exists that
EBV induction of HERVs might play an important role in tumour
development that may not necessarily be linked to the induction
of superantigen expression.

 

HERVS: POTENTIAL MIMICS

 

The premise for molecular mimicry is that an external patho-
genic agent possesses similarity to human protein(s) such that
an ensuing immune response is unable to distinguish between
the host and inciting component. As a result collateral damage
occurs. Hence, the concept of molecular mimicry has been
accepted as a plausible mechanism in autoimmune diseases
[62,63]. In regard to exogenous agents, cross-reactivity with the
p24 

 

gag

 

 protein of human immunodeficiency virus type I (HIV-
I) was demonstrated from sera of non-HIV-infected patients
with primary Sjögren’s syndrome (SS) [64]. Furthermore, anti-
bodies to p24 Gag of HIV-I were found in patients with
systemic lupus erythematosus (SLE). In these patients,
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immunological cross-reactivity between the p24 Gag protein
and the small ribonucleoprotein (snRNP) Sm was demon-
strated [65]. Subsequently the presence of antibodies to retrovi-
ral products has been highlighted in rheumatoid arthritis
[66,67], polymyositis and SLE patients, but no evidence was
found of exogenous viral infection (HIV and HTLV) using
polymerase chain reaction (PCR). Other studies investigating
patients with multiple sclerosis, SLE and SS have also shown
higher levels of antibodies to synthetic peptides that represent
the major epitopes of HTLV-I p19 and p24 Gag proteins, and its
endogenous counterpart HTLV-related endogenous sequence
type I (HRES-I), than sera of normal donors [68,69]. Cur-
rently, endogenous viruses such as HERV-K have been cloned
and sequenced from patients with rheumatoid diseases [34]. In
addition, the use of specific oligonucleotide primers in reverse
transcription-polymerase chain reaction (RT-PCR) has helped
to identify HERV-K10 from rheumatoid arthritis (RA) syn-
ovial fluid cells [33], confirming earlier studies of endogenous
retroviruses implicated in RA [70]. Overall, the consensus from
these findings suggests HERVs as important mediators of
autoimmune diseases.

Latterly, immunoblotting using recombinant proteins of
HERV-K10/IDDMK1,222 showed that 32–47% of patients with
autoimmune rheumatic disease were positive compared to 29%
of controls [71]. Importantly, an immunodominant region
(GKTCPKEIPKGSKNT: single amino acid code) was identified
by four patients through epitope mapping and highlighted the
potential for an antigen-driven immune response. Evidently the
need for epitope mapping of additional HERVs should not be
underestimated. This is illustrated by an unrelated investigation
of mapping antibodies to IgG that highlighted immunodominant
regions (APIEKTISKAKGQPR and KPREE) that were also
recognized by rheumatoid factors [72]. It is speculated that exog-
enous/endogenous agents could help drive this immune response.

Overall, the potential for mimicry (and mayhem?) is unques-
tionable, but research has been biased largely towards proteins of
exogenous retroviruses, synthetically derived viral peptides and
recombinant proteins to ascertain the presence of antiretroviral/
HERV antibodies to the exclusion of T cell studies. However for
molecular mimicry to be a mechanism for HERVs, there remains
an underlying assumption that HERVs with intact open reading
frames produce full-length or truncated retroviral proteins. In
essence this is substantiated, as retrovirus-like particles (VLP)
have been observed by electron microscopy in autoimmune dis-
ease tissues, e.g. synovial tissue [73]. VLPs derived from an
HERV-K provirus have also been identified from a human tera-
tocarcinoma-derived cell line (GH) and a hormone-stimulated
human breast carcinoma-derived T47D cell line [30,74–76]. To
date, HERV-K, ERV-3 and HERV-W are among the major
HERVs with the capacity to code for viral products and potential
molecular mimics.

CONCLUSIONS

HERVs constitute but one group of transposable elements or
retroelements within the human genome. Having been part of
our molecular evolution, retroelements and isolated LTRs may
be of benefit to the host in promoting plasticity and the regula-
tion of gene expression, i.e. through promoters and cis-regula-
tory sequences. Intriguingly, polymorphism in LTRs linked to
HLA genes may explain the variation in immune responses

between individuals of similar phenotype. However, there is
also an opportunity to harm because retroelements may pro-
vide the potential for mutation, modulation and the undesired
expression of full-length or truncated products. Indeed LTRs
may act as ‘biological transducers’, as HERV expression may be
altered through hormonal and environmental signals (Fig. 1).
Consequently, the potential of environmental agents on the host
could be of particular significance to HERV research. It is now
well established that herpes viruses such as cytomegalovirus
(CMV) [34] and EBV transactivate HERV-K. Clearly, herpes
viruses may be seen as helper viruses and a mechanism of
‘switching on’ HERV production. However, in the case of EBV
and superantigens discussed in this article, who is helping
whom, or is this case of viral hijacking? (HIV has also been
suggested to utilize the pol region of HERVs [77].) Interest-
ingly, it has also been shown that HERV-W envelope glycopro-
tein can be used to form pseudotypes with HIV-1 virions [78].
Hence, there is a possibility that complementation with virion
proteins encoded by different HERVs and/or other viruses
could produce infectious viruses. Ultimately superantigens can
pose a ‘danger’ to the immune system, with undesired out-
comes for the host. Similarly, viral products that mimic host
proteins may also have the potential to harm, perhaps as a
result of collateral damage following immune activation and
damage through epitope spreading. However, underlying the
mechanism of molecular mimicry is a requirement for HERV
peptides and protein products. What drives and influences their
manufacture (including other viruses and the cellular microen-
vironment) is an important area of investigation as it is also
apparent that certain biological agents over-ride premature stop
codons: a case in point for some HERVs with (multiple) termi-
nation signals [7]. A final comment is that while HERV expres-
sion may be a potential ‘danger’ to humans, their exposure and
replication (i.e. outside the germline) would be somewhat detri-
mental to the virus in question. Overall, while a number of arti-
cles [11,34,52,57,71] highlight some steps in determining the role
of HERVs, it will be crucial in the next few years to establish
firmly clear associations of HERVs that may contribute to the
pathology of disease states and/or aetiology [79].

Fig. 1. Schematic view of HERV activation via long-terminal repeats that
may augment the production of superantigens and peptide mimics that
could lead to autoimmune diseases. The ‘transducing’ elements within
HERVs enable environmental agents to modulate HERV expression.

gag pol env LTRLTR

SAGs, Epitopes(B/T
cell) that MIMIC host

proteins, retroviral
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